T he postoperative rate of recurrence for stage II colon cancer exceeds 20%, and evidence suggests that some patients with stage II disease have a worse prognosis than those with stage III disease. 1 If patients with high-risk stage II disease could be accurately identified, they might benefit from postoperative chemotherapy, a treatment that is highly effective for metastatic disease but too toxic and expensive for routine use in nodenegative colon cancer. Unfortunately, while the prognostic importance of lymph node status is undisputed, there is no consensus or standardization of techniques for sampling and assessment of lymph nodes in a resected specimen. Which and how many nodes should be sampled? How should these nodes be assessed for tumor? What is the clinical significance of micrometastases in the lymph nodes?
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Nodes in a resected specimen have traditionally been identified by a combination of visualization and palpation on gross pathologic examination. However, simply removing and examining all palpable lymph nodes 2 is inadequate because metastasis frequently targets nodes Ͻ0.5 cm in diameter. 3 The thoroughness of the lymph node harvest from the resection specimen and the number of nodes examined have been stressed by many authors. Joseph et al 4 suggested 40 nodes as a minimum for accurate assessment. At the other end of the spectrum is an increasingly popular selective sampling approach based on identification of the sentinel lymph node (SN). Lymphatic mapping and sentinel node biopsy (SNB) was originally described in melanoma to identify the node(s) most likely to contain any evidence of metastasis from a primary tumor. In both breast cancer and melanoma, SNB is used to identify suboccult nodal metastasis in the tumor-draining lymphatic basin; complete lymphadenectomy is undertaken only when tumor cells are identified in a SN. In colon cancer, SNB also can identify early evidence of nodal metastasis but does not change the extent of surgery, since nodes are routinely removed en-bloc with the primary tumor. Thus, the SN can be identified either before (in vivo mapping) or after (ex vivo mapping) the tumor has been resected. As in melanoma and breast cancer, blue dyes and/or radioactive colloids are used as mapping agents.
However, even when a node is selectively targeted for assessment, metastases may go undetected. Indeed, standard assessment based on hematoxylin and eosin staining of one level of a paraffin-embedded block reportedly can miss as many as 33% of metastases. 5 Techniques such as multilevel sectioning, cytokeratin immunohistochemistry (IHC), and reverse transcription-polymerase chain reaction (RT-PCR) can identify missed tumor cells in nodes, 6 but their impact on staging is unclear. 7 Still, the importance of small metastases is acknowledged by current staging guidelines from the American Joint Committee on Cancer and International Union against Cancer. 8, 9 Nodal positivity corresponds to macrometastases (Ͼ2 mm) or micrometastases (between 2 mm and 0.2 mm); although isolated tumor cells and tumor cell clusters (up to 0.2 mm) are not considered to be evidence of nodal metastasis, their inclusion in the guidelines of the American Joint Committee on Cancer and International Union against Cancer is evidence of their potential prognostic importance.
This issue of Annals of Surgery includes reports from 2 large prospective trials that evaluated the role of SNB in colon cancer. Stojadinovic et al 10 demonstrated that conventional pathologic staging was less effective than staging based on ex vivo SNB. Their rate of SN identification was 97%, although the sensitivity of SNB for macrometastases was only 69%. Focused analysis of the SN identified metastases in 57% of patients, as compared with 31% for conventional staging. This upstaging consisted mostly of isolated tumor cells and tumor cell clusters (15 of 56 or 27%); 6 patients (11%) had SN micrometastases. Five medical centers in 3 countries participated in this study with blinded centralized pathologic review. The study was well designed and accrual was completed as expected. The strength of the study was that it required formal SNB training and specimen handling. Additionally, each surgeon completed at least 6 cases prior to entering the study and 6 surgeons performed all 82 SNB cases. The sensitivity in this study was increased by examining at least 4 lymph nodes.
Bembenek et al 11 report a prospective multicenter trial of 315 patients from 19 centers in Germany. The rate of SN detection was 85%; the sensitivity of identifying macrometastases was 54%. Focused analysis of the SN upstaged 21% of cases, 16% with isolated tumor cells and 5% with micrometastases. Aberrant drainage was identified in 1.6% of patients. Unlike the study from Stojadinovic et al, 10 SNB was performed in vivo and an instructional video was given to all participating surgeons. The detection rate and sensitivity of SNB increased when the patient's body mass index was below 24 and when the surgeon had performed more than 22 SNB procedures. Despite different techniques, both studies reported similar rates of nodal macrometastases and similar rates of SNB-based upstaging.
Previously reported rates of successful SN localization vary from 58% 12 to 100%. [13] [14] [15] [16] The large variation in sensitivity and specificity has been attributed to differences in technique, experience, patient selection, and perhaps more complex lymphatic pathways in colon cancer. In the 2 studies appearing in this issue of Annals of Surgery, reported rates of accuracy and sensitivity reflected surgical experience. A direct correlation between experience and results was reported for the first Multicenter Selective Lymphadenectomy Trial for Melanoma 17 and for the American College of Surgeons Oncology Group multicenter trial for breast cancer; in both trials, adequate training required performance of least 20 to 30 SNB procedures. 18, 19 By contrast, the CALGB 8001 study involved 25 surgeons from 13 institutions, who performed SNB in only 72 enrolled subjects. Most surgeons performed fewer than 5 SNB procedures and the SN identification rate was only 66%. The false-negative rate dropped to 12% when nodal specimens were examined by IHC. 20 The 2 studies in this issue had different definitions of micrometastases; only in the study of Stojadinovic et al 10 were tumor cell clusters classified as nodal positivity. This difference emphasizes the ongoing debate over the prognostic significance of micrometastases. In a recently reported metaanalysis of studies between 1991 and 2002, 21 only 12 trials for patients with stage II colon cancer reported survival data.
Micrometastases were identified by IHC in 31.2% of patients (192 of 608) and by RT-PCR in 44% of patients (77 of 173). Three-year rates of disease-free and overall survival were 80.4% and 82.6%, respectively, in IHC-negative patients versus 76.4% and 80.9%, respectively, in IHC-positive patients. Overall survival was significantly higher when RT-PCR findings were negative versus positive (96.5% vs. 77.8%; P Ͻ 0.001). 21 Micrometastases detected retrospectively by RT-PCR techniques had a stronger correlation with overall survival than did micrometastases identified by IHC. This finding might reflect a more complete nodal analysis by RT-PCR, compared with limited sectioning for IHC. This meta-analysis, however, clearly supports further study and standardization of techniques to evaluate the potential prognostic role of micrometastases in stage II colon cancer.
Although the studies of Bembenek et al 11 and Stojadinovic et al 10 focus on SNB, both also determined the adequacy of lymphadenectomy. The median number of nodes removed was 20 in the Bembenek study and 18 in the Stojandinovic study. These numbers are relatively high, possibly reflecting surgeon skill and meticulous pathologic evaluation. Reinbach et al 17 described a trend toward an increase in the number of nodes (13 vs. 7.5) in colon cancer specimens from surgeons with a particular colorectal interest as compared with those without such an interest. A recent analysis of intergroup trial INT 0089 demonstrated that 5-year survival was 73% for removal of 1 to 10 lymph nodes, as compared with 87% for removal of Ͼ20 nodes. 22 In a series of 35,787 cases of stage II colon cancer from the National Cancer Data Base, the 5-year survival rate was 64% if only one or two lymph nodes were examined, versus 86% if more than 25 lymph nodes were examined. 23 The National Cancer Data Base investigators concluded that at least 13 lymph nodes should be retrieved and declared negative for a diagnosis of stage II disease.
We recently reviewed the Surveillance, Epidemiology, and End Results database for all patients undergoing resection of histologically confirmed colon cancer between 1988 and 2000; our purpose was to determine whether increasing the number of resected lymph nodes correlated with improved survival. 24 The median number of nodes sampled in more than 82,896 patients was 9. Resection of at least 15 nodes prolonged median overall survival by 11 months in patients with stage I disease, 54 months in stage II disease, and 21 months in stage III disease. These differences match or exceed the best reported results for even the newest combination adjuvant chemotherapy regimens. In our Surveillance, Epidemiology, and End Results analysis, 24 the most common number of dissected nodes was zero, indicating that many patients received operations not based on standard oncologic principles. While improvement was noted over time, even in the most recent period examined the majority of patients did not have even 10 lymph nodes examined.
Apart from variations in the number of sampled nodes and the technique of nodal assessment, there are variations in pathologic technique and skill. Different pathologists and assistants may have markedly different nodal yields on aver- age. Failure to pathologically examine all nodes within a specimen might also reflect an increase in inaccuracies in other types of examination such as radial margins of the primary tumor; failure to achieve negative radial, proximal, and distal margins can be a negative prognostic factor. 25 It is also important to recognize that patients may be at high risk for recurrence regardless of micrometastatic involvement. Poorly differentiated primary tumors, the presence of signetring cells, and lymphovascular and venous invasion all have an adverse impact. Although the field is undeniably in a state of flux, rudimentary guidelines can be established. First, the surgeon must apply oncologic principles during a colon resection to increase the yield of lymph nodes. Second, the pathologist must consider techniques that increase the accuracy of nodal analysis. Microscopic examination of one histologic section for each lymph node found on macroscopic examination (standard practice) is inadequate for the detection of micrometastases. Third, the surgeon and the pathologist must collaborate closely to standardize staging and develop a clinically meaningful definition of micrometastases. Until then, the value of supplemental techniques such as SNB and molecular assessment cannot be accurately determined.
It is likely that patients with stage II colon cancer based on adequate nodal sampling without adverse prognostic factors will be cured by surgery alone. If micrometastases are found to be an adverse prognostic risk factor for recurrence, further trials will be needed to examine the effect of chemotherapy for these patients. The improved risk-stratification afforded by standardization of both surgical and pathologic techniques will greatly improve the selection of patients for chemotherapy, thus avoiding its toxicity and expense for those cured by surgery alone.
